The asymptotic iteration method is employed to calculate the any -state solutions of the Schrödinger equation with the Eckart potential by proper approximation of the centrifugal term. Energy eigenvalues and corresponding eigenfunctions are obtain explicitly. The energy eigenvalues are calculated numerically for some values of and . Our results are in excellent agreement with the findings of other methods for short potential ranges.
Introduction
A number of researchers have recently studied the exact analytical solution of the radial Schrödinger equation with angular momentum quantum number = 0 and = 0 for various exponential-type potentials. Some of these potentials are the Eckart potential [1] [2] [3] [4] , Manning-Rosen potential [5] [6] [7] , Morse potential [8, 9] etc. Several methods, such as the Nikiforov-Uvarov method, asymptotic iteration method, supersymmetry, etc, have been used to solve the differential equations arising from these consideration.
It is well known that the radial Schrödinger equation for these potentials can be solved exactly when the orbital angular quantum number is equal to zero (s-waves). On the other hand it is also known that the Schrödinger equa- * E-mail: fbjames11@physicist.net tion does not admit an exact solution for an arbitrarystate ( = 0). In such cases the centrifugal barrier must be dealt with either by solving numerically or by using approximation schemes [11] [12] [13] [14] [15] [16] [17] [18] . The analytical solution of the Schrödinger equation with the Eckart-type potential has been studied by many researchers [1, 10] . The Eckart potential is a diatomic molecular potential model widely used in applied Physics [19] and chemical Physics [20, 21] . The Eckart-type potential is given by [2, 3] ,
where α and β describe the depths of the potential well and the parameter is related to the potential range. Motivated by the success in obtaining analytical solution of the Schrödinger equation with the potential defined in Eq. (1) for = 0 by Dong et al. [1] and Lucha et al. [10] , we attempt to use a different and more practical method called the asymptotic iteration method (AIM) [22, 23] . This is applied within the framework of the approximation described in [12, 13, 24] to solve the radial Schrödinger equation with the potential defined in Eq. (1) for arbitrary -state. The following approximation is used throughout:
In the next section we briefly present AIM. In Section 3 the analytical solution of the radial Schrödinger equation is obtain by using AIM. The numerical calculations are given Section 4 and the results are compared with those obtained by other methods . Section 5 is devoted to two special cases, namely = 0 and the Hulthén potential. Finally, in Section 6, we give a brief conclusion.
Overview of the asymptotic iteration method
In this section we give a brief description of the AIM; further details can be obtained in Refs [22, 23] 
Energy eigenvalues
AIM is proposed to solve the homogenous linear secondorder differential equation of the form
where λ ( ) and ( ) have sufficiently many continuous derivatives and are defined in some interval which are not necessarily bounded. The differential Eq. (3) has a general solution [22] ( ) = exp − α( )
if > 0, for sufficiently large , we obtain the α( )
where
with quantization condition
The energy eigenvalues are obtained from Eq. (7), if the problem is exactly solvable.
Energy eigenfunction
Suppose we wish to solve the radial Schrödinger equation for which the homogenous linear second-order differential equation takes the following general form
The exact solution, ( ), can be expressed as [23] (
where the following notation has been used
The eigenvalues and eigenfunction of the Schrödinger equation with Eckart potential
The motion of a particle with¯ = µ = 1 is described by the following Schrödinger equation
and considering potential (1), we obtain the radial part of the Schrödinger equation:
we have With Eqs. (13), (14), (15) , and the approximation expression from Eq. (2), Eq. (12) turns to
where we have used the following notation
In order to solve Eq. (16) using AIM, we proposed the following physical radial wavefunction
which is now amenable to an AIM solution. Comparing Eq. (19) with Eq. (3), we obtain λ ( ) and S ( ) as
With the help of Eq. (6) and the quantization condition given in Eq. (7), we arrive at the following eigenvalues expression
. . .
Generalizing the above expressions and using the notation defined in Eq. (17) we obtain the eigenvalues energy as 
We now turn to the eigenfunction. By comparing Eq. (19) with Eq. (8), we have the following
Having determine these parameters, we can easily find the eigenfunction ( ) and write the total radial wave function as
where N is the normalization constant.
Numerical results
To show the accuracy of our results, we calculate energy eigenvalues for various and quantum numbers with two different values of parameter β. As it can be seen from the results presented in Tables 1 and 2 , the AIM results are in good agreement with findings of the other methods for short potential ranges. 
Discussions
Firstly, let us attempt to study the s-wave case. The energy eigenvalues solution in Eq. (22) reduce to
(25) Secondly, we discuss another special case β = 0. As a result, the potential of Eq. (1) turns to Hulthén potential
where α = Z 2 δ = Z 2 / . The corresponding energy eigenvalues for = 0 of Eq. (26) (with = Z = 1) is given by
This is consistent with Eq. (24) 
Conclusions
In this work, we have solved analytically the Schrödinger equation for Eckart potential for arbitrary bond states within the framework of asymptotic iteration method. We have calculated the eigenvalues numerically for arbitrary and . We find that the results are in good agreement with findings of other methods for short potential range, as it can be seen from results presented in the tables. We have also shown that for β = 0, the present solution reduces to Hulthén potential.
It is evident that the AIM is very efficient and an alternative method of calculating energy eigenvalues and eigenfunction of the Eckart potential and other interaction problems.
